
ARI Research Note 97-15 

The Analysis of Equivalence Classes 

Lanny Fields 
Queens College of City University of New York 

Research and Advanced Concepts Office 
Michael Drillings, Chief 

June 1997 

&'ak; i- iSiuiuX) S 

19980130 130 

United States Army 
Research Institute for the Behavioral and Social Sciences 

Approved for public release; distribution is unlimited. 



U.S. ARMY RESEARCH INSTITUTE 
FOR THE BEHAVIORAL AND SOCIAL SCIENCES 

A Field Operating Agency Under the Jurisdiction 
of the Deputy Chief of Staff for Personnel 

EDGAR M. JOHNSON 
Director 

Research accomplished under contract 
for the Department of the Army 

Queens College of City University of New York 

Technical review by 

Michael Drillings 

NOTICES 

DISTRIBUTION: This report has been cleared for release to the Defense Technical Information 
Center (DTIC) to comply with regulatory requirements. It has been given no primary distribution 
other than to DTIC and will be available only through DTIC or the National Technical Information 
Service (NTIS). 

FINAL DISPOSITION: This report may be destroyed when it is no longer needed. Please do not 
return it to the U.S. Army Research Institute for the Behavioral and Social Sciences. 

NOTE: The views, opinions, and findings in this report are those of the author(s) and should not 
be construed as an official Department of the Army position, policy, or decision, unless so 
designated by other authorized documents. 



REPORT DOCUMENTATION PAGE 

1. REPORT DATE 
1997, June 

2. REPORT TYPE 
Final 

4. TITLE AND SUBTITLE 

The Analysis of Equivalence Classes 

6. AUTHOR(S) 

Lanny Fields (Queens College, CUNY) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Queens College of City University of New York 
65-30 Kissena Boulevard 
Flushing, NY 11367 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
U.S. Army Research Institute for the Behavioral and Social Sciences 
ATTN: PERI-BR 
5001 Eisenhower Avenue 
Alexandria, VA 22333-5600 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES 

COR: Michael Drillings 

3. DATES COVERED (from... to) 
September 1990-April 1994 

5a. CONTRACT OR GRANT NUMBER 

MDA903-90-C-0132 

5b. PROGRAM ELEMENT NUMBER 
0601102A 
5c. PROJECT NUMBER 

B74F 
5d. TASK NUMBER 

2901  
5e. WORK UNIT NUMBER 

C08  

8. PERFORMING ORGANIZATION REPORT NUMBER 

10. MONITOR ACRONYM 

ARI 

11. MONITOR REPORT NUMBER 

Research Note 97-15 

14. ABSTRACT (Maximum 200 words): 

Many essential skills required of military personnel involve responding in the same manner to cues that are perceptually 
different. One example of such a set of cues would be the representations of an airplane produced by visual sighting, radar, 
infrared detection, and IFF, or acoustic signature. Another example would be the topographical map representation, the visual 
image, and the orienteering symbol for a given terrain feature, such as a mountain. Perceptually different cues that have 
become interchangeable are said to form an equivalence class. Recognizing the interchangeability of the representations in the 
airplane set is critical if one is to react appropriately to an airplane in battlefield conditions; recognizing the interchangeability 
of the representations in the terrain set is critical if one is to navigate appropriately from a map. In addition, because the cues 
experienced in training will resemble but will not be identical to the cues encountered in the field, it is also critical for 
individuals to generalize from the cues in training to the cues in the field. 

15. SUBJECT TERMS 

Equivalence Classes Perceptual cues 

SECURITY CLASSIFICATION OF 

16. REPORT 
Unclassified 

17. ABSTRACT 

Unclassified 
18. THIS PAGE 

Unclassified 

19. LIMITATION OF 
ABSTRACT 

Unlimited 

20. NUMBER 
OF PAGES 

17 

21. RESPONSIBLE PERSON 
(Name and Telephone Number) 



THE ANALYSIS OF EQUIVALENCE CLASSES 

CONTENTS 

BACKGROUND 1 

CONTRACT GOALS 1 

SUMMARY OF RESULTS 2 
Relatedness of Stimuli in Equivalence Classes 2 
Enhancement of Equivalence Class Formation 2 
Extension of Equivalence Classes by Generalization and Context 3 
Summary 4 

PRODUCTIVITY DURING THE CONTRACT PERIOD 5 
Publications 5 
Conference Organization 7 
Invited Addresses or Papers Presented at Conferences or Colloquia 7 
Reviewer of Manuscripts for Journals 13 
Reviewer of Grant Proposals 13 

in 



THE ANALYSIS OF EQUIVALENCE CLASSES 

BACKGROUND. Many essential skills required of military personnel involve responding in the 
same manner to cues that are perceptually different. One example of such a set of cues would 
be the representations of an airplane produced by visual sighting, radar, infrared detection and 
IFF, or acoustic signature. Another example would be the topographical map representation, the 
visual image, and the orienteering symbol for a given terrain feature, such as a mountain. 
Perceptually different cues that have become interchangeable are said to form an equivalence 
class. 

Recognizing the interchangeability of the representations in the airplane set is critical if one 
is to react appropriately to an airplane in battlefield conditions; recognizing the interchangeability 
of the. representations in the terrain set is critical if one is to navigate appropriately from a map. 
In addition, because the cues experienced in training will resemble but will not be identical to the 
cues encountered in the field, it is also critical for individuals to generalize from the cues in 
training to the cues in the field. 

Errors in target identification or the inability to navigate from a map can have disastrous 
consequences. Such errors may reflect flaws in the formation of task-relevant equivalence 
classes, flaws in the relatedness of the members of the underlying equivalence class, flaws in the 
response-evoking properties of the class members, and/or inappropriate generalizations between 
the cues used for training and the events encountered in the field. The consequences of such 
errors emphasize the importance of understanding how equivalence classes can be reliably 
established, howthe structure of equivalence classes influence the cohesiveness and relatedness 
of the class members, and how the members of an equivalence class generalize to other similar 
stimuli. 

With the advent of the digital battlefield, the volume of information about military targets that 
will be displayed in symbolic forms will far exceed that currently provided to military personnel. 
In the foreseeable future, military personnel will have to learn many more equivalence classes 
than are now required of them. Clearly, then, a thorough understanding of equivalence classes 
will play an increasingly important role in the education and training of military personnel. Given 
the current downsizing of government, fewer resources will be available for training while a 
greater training and instructional load will be needed to prepare well trained military personnel. 
Thus, a full understanding of the factors that can increase the efficiency with which individuals 
can learn militarily relevant equivalence classes would be of substantial value. 

CONTRACT GOALS. The purpose of the contract, The Analysis of Equivalence Classes, was (a) 
to identify variables that enhance the likelihood and efficiency of equivalence class formation, (b) 
to determine how the structure of equivalence classes influence their cohesiveness and the 
relatedness of their members, and (c) to determine how behaviors occasioned by the members 
of equivalence classes generalize to other cues that resemble class members. At the beginning 
of the contract period, relatively little was known about these processes. These processes have 
been clarified by the research supported by the contract. The results of the research have 
been reported in 17 articles published in peer-reviewed professional journals, and have 
been presented in 55 papers presented at university colloquia or professional conferences. 
In addition, 7 more manuscripts are currently being prepared for submission to peer-reviewed 
journals. Findings in each of the three abovementioned areas of investigation are presented in 
the following sections. 



SUMMARY OF RESULTS 

RELATEDNESS OF STIMULI IN EQUIVALENCE CLASSES. It has been generally assumed that 
all stimuli in an equivalence class are interchangeable. That position was questioned by us in two 
influential theoretical articles (Fields, Verhave, & Fath, 1984; Fields & Verhave, 1987). In those 
papers we proposed that the specific relations that are trained as the prerequisites of an 
equivalence class also define the relatedness of the stimuli in the class; the relatedness of any 
two stimuli in an equivalence class should be an inverse function of the number of nodal stimuli 
that separate the two stimuli in question. This is called the nodal distance effect. How can the 
nodal distance effect be measured? How can stimuli in an equivalence class be both 
interchangeable and not interchangeable? 

While this theory has been controversial, experiments conducted in many laboratories 
including my own have made observations that confirmed the theory. The nodal distance that 
separates the stimuli in a class influences a wide range of test performances, which include the 
order of emergence of derived relations, transfer of responding among stimuli in a class, reaction 
times occasioned by class members, and generalization to new stimuli that resemble class 
members. Most recently, we found that the nodal structure of previously learned equivalence 
classes influences an individual's ability to learn new equivalence classes. Finally, our 
experiments have identified the factorthat is responsible for making the stimuli in an equivalence 
class function either interchangeably or noninterchangeably. In the course of these studies, we 
also developed a new method of measuring the relational control of responding. That mode of 
analysis permitted us to obtain unequivocal measures of relational responding acquired by 
stimulus relations in general, and the effects of nodal distance specifically. Thus, the empirical 
exploration of a variable defined in theory has been shown to influence a wide range of 
equivalence-class based performances, and has also led to a better understanding of the 
conditions under which stimuli in equivalence classes can be substituted for each other. This 
information can be used to enhance predictions of performances that should be based on 
equivalence class membership in real world settings and would be of military relevance. 

The theoretical analysis presented by Fields and Verhave (1987) also proposed that a second 
structural variable, directionality of training, should also influence equivalence class formation. 
Research by others showed that directionality of training influenced class formation with young 
children, but it did not appear to influence equivalence class formation by adults. The results of 

research in my laboratory showed that the effect of directionality of training on equivalence class 
formation by adults is substantial and interacts with the size of the classes being learned and the 
training and testing procedures used to establish the classes. These results identified factors that 
interact with directionality of training to control equivalence class formation, and disclosed the 
generality of the effects of directionality of training on equivalence class formation. This 
information has practical utility since it can be used to guide the selection of conditions that will 
optimize the learning of equivalence classes that are of military relevance. These results are also 
fo theoretical significance because they show that the effects of directionality of training are not 
developmental^ constrained. 

ENHANCEMENT OF EQUIVALENCE CLASS FORMATION. In most laboratory-based studies 
of equivalence class formation, training and testing has been conducted using matching to 
sample procedures. If equivalence classes can be established using only one mode of training 
and testing, the practical utility of establishing equivalence classes in real world settings would 
be limited. Research in my laboratory has shown that equivalence classes can be established 
under a broad range of training and testing conditions. Specifically, we showed that stimulus- 
pairing yes-no procedures can be used to establish and expand equivalence classes.    In 



addition, we showed that discrimination training and stimulus fading could be used to expand 
class size. These results suggest that task-relevant equivalence classes can be established in 
real-world settings by use of a variety of training and testing protocols. 

Prior to 1990, equivalence classes were established by use of one serial order of training and 
testing, called the complex to simple protocol. This protocol resulted in about 70% of subjects 
forming equivalence classes. An analysis of that protocol showed that many tests were 
conducted before all prerequisites had been demonstrated. We developed an alternative 
procedure called the simple to complex protocol that established all prerequisites before 
conducting the critical tests used to demonstrate the emergence of equivalence classes; that 
protocol results in class formation by 93% of subjects. The use of the simple to complex protocol 
has substantial applied value when the instructional goal is to insure the formation of equivalence 
classes by large numbers of trainees. 

Of the subjects who fail to form equivalence classes under the simple to complex protocol, 
all of the failures occur on tests of transitivity. While resistant to remediation, we finally solved the 
problem. A multiple exemplar concept formation approach led to the emergence of successful 
transitivity performances by 85% of the subjects whoi had previously failed transitivity tests. Once 
remediated, all subjects then formed equivalence classes. When incorporated into the simple to 
complex protocol, then, exceptionally reliable equivalence class formation was assured for 98% 
of subjects. 

Much human learning occurs under conditions of massed training and massed testing due 
to pressures of time and personnel. Under laboratory conditions that simulate these 
circumstances, likelihood of equivalence class formation is very low. That percentage can be 
raised dramatically (15% to 85%) by prior training of classes using the STC protocol. The time 
spent enables individuals to learn under poor learning conditions. Two studies have determined 
that both the size and the nodal structure of previously learned classes each influence the 
learning of new classes under the simultaneous protocol. Unexpectedly, the nodal structure is 
responsible for more of the enhancement effect than the size of the previously learned classes. 
These variables also influence the cohesiveness of stimuli in the newly learned classes. It is clear 
that the prior training of equivalence classes increased the amount of instructional time spent for 
each individual. Conversly, this pretraining greatly increased the percentage of subjects who 
subsequently learned new classes. Therefore, the additional training time increased by a factor 
of 6-to-1 the efficiency of overall instructional time. Pretraining minimized the instructional 
resources needed to achieve efficient learning of equivalence classes by large groups of trainees. 
All of these findings will lead to the development of superior training technologies that can be 
used to prepare troops to learn new materials undertraining conditions that are less than optimal. 

Finally, we found that the likelihood of equivalence class formation is influenced by the 
temporal separation of stimuli that become related during training. The results of that experiment 
have important implications for the training conditions that can optimize equivalence class 
formation, and also have important implications for a general reinterpretation of the processes 
that are involved in the formation of equivalence classes. 

EXTENSION OF EQUIVALENCE CLASSES BYGENERALIZATION and CONTEXT. Equivalence 
classes consist of stimuli that are perceptually disparate. In real world settings, however, the 
members of an equivalence class must resemble other objects in the environment. For example, 
while a picture of a tank is a member of an equivalence class, the tank will be seen from many 
different vantage points in a field settings. It is important for these novel views of the tank to call 
forth all of the information that belongs to the tank-based equivalence class that had been 
learned during training. That is, the members of an equivalence class must generalize to other 



related stimuli for the equivalence-class-based information to be of practical value. It is also 
crucial that the new views of the tank call forth the actions learned in training; that is, responses 
trained to one member of an equivalence class should transfer to new stimuli that are variants 
of a member of an equivalence class. These processes had not been explored prior to the 
contract. 

We began the exploration of these processes in 1991 by developing a procedure to assess 
the extension of equivalence classes by generalization. We then identified a number of variables 
that influenced the range of new stimuli to which equivalence class members will generalize. We 
also demonstrated that a specific response trained to occur to one member of an equivalence 
class will transfer to new stimuli that resemble another member of the equivalence class. Both 
of these effects could be predicted by prior knowledge of the perceived similarity of stimuli before 
some of them became members of equivalence classes. In another study, we found that 
generalization of equivalence class membership also occurs across sensory modalities. 

A given stimulus can function as a member of more than one class. For example, the word 
shell can be a member of the class of weapons, or the class of objects found at the seashore. 
The stimuli to which the term is related will be controlled by other contextual stimuli. We 
demonstrated how the control of class membership can be established by contextual stimuli and 
how that contextual control can generalize to to new cues that resemble the contextual stimuli. 

On the practical level, the results suggest procedures that can be used to enhance the 
transfer of information learned in training to actual field settings. On the theoretical level, the 
procedures that influence the formation and extension of equivalence classes by generalization 
can be used to account for the development of naturally occurring categories. 

SUMMARY. On a practical level, the cumulative effects of the research that was supported by 
the contract can be used to develop superior instructional technologies for teaching equivalence 
classes of military relevance to Army personnel. On a theoretical level, the results of many of 
these experiments have clarified, extended and reshaped our understanding of the processes 
involved in the formation of equivalence classes, a form of stimulus class that directs large 
segments of complex human behavior. 
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